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A preliminary survey of aflatoxins levels and incidence in 
dairy cow feeds in Khartoum North locality using HPLC, The 
survey was based on three level of groundnut cakes 
concentration (low=16-18, medium=19-24 and high=25-32%). 
The data indicated that 2 out of 18 samples examined were 
contaminated with aflatoxins B1 (0.013 and 0.014 ppb), 
However these were below the detection limit for dairy cows 
feeds (20 ppb) as was stated by FAO. The study also showed 
strong relationship between the levels of groundnut cakes level 
in the feed ration of the dairy cows and the contamination by 
aflatoxins, as these positive samples were from feed ration of 
high level of groundnut cakes concentration. Moreover the 
positive samples were from Halfaya area. The study also 
showed the absence of G1, G2 and B2 in dairy cows feeding in 
Khartoum North locality. 
 The present study concluded that aflatoxins may create 
health risk for both animal and human, hence further research is 
needed in this field 
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ﻳﺔ أﺑﻘﺎر اﻟﻠﺒﻦ ﻟﻠﺘﺤﻘﻖ ﻣﻦ وﺟﻮد اﻷﻓﻼﺗﻮآﺴﻴﻦ ﺗﻢ إﺟﺮاء ﻣﺴﺢ ﻋﻠﻰ أﻏﺬ  
وﻗﺪ آﺎن اﻟﻤﺴﺢ ﻳﻘﻮم ﻋﻠﻰ  ،CLPH اﻟﺨﺮﻃﻮم ﺑﺤﺮي ﺑﺎﺳﺘﺨﺪام  ﻣﺤﻠﻴﺔ وﻣﺴﺘﻮﻳﺎﺗﻪ ﻓﻲ
  ..%23(-52= و ﻣﺮﺗﻔﻌﺔ42-91=، ﻣﺘﻮﺳﻄﺔ81-61=ﻣﻨﺨﻔﻀﺔ)ﻣﺴﺘﻮى ﺗﺮاآﻴﺰ 
 ﻋﻴﻨﺔ ﺗﻢ ﻓﺤﺼﻬﺎ ﺗﺤﺘﻮي ﻋﻠﻰ 81أن ﻋﻴﻨﺘﺎن ﻣﻦ ﻣﺠﻤﻞ  اﻟﺒﻴﺎﻧﺎتأوﺿﺤﺖ   
اﻟﻤﺴﻤﻮح  وآﺎﻧﺘﺎ أﻗﻞ ﻣﻦ ﺣﺪ ،(ﻠﻴﻮنﺒ اﻟﻣﻦ ﺟﺰء410.0 – 310.0)1B اﻷﻓﻼﺗﻮآﺴﻴﻦ 
  آﻤﺎ ذآﺮت ﺑﻮاﺳﻄﺔ اﻟﻔﺎو (ﻠﻴﻮنﺒ اﻟﻣﻦﺰء ﺟ02)   ﻟﻌﻼﺋﻖ أﺑﻘﺎر اﻟﻠﺒﻦﺑﻪ
أﻇﻬﺮت اﻟﺪراﺳﺔ أﻳﻀًﺎ ﻋﻼﻗﺔ ﻗﻮﻳﺔ ﺑﻴﻦ ﻣﺴﺘﻮى أﻣﺒﺎز اﻟﻔﻮل اﻟﺴﻮداﻧﻲ ﻓﻲ   
ﺔ ﻣﻦ إﺿﺎﻓﺔ إﻟﻰ ذﻟﻚ ﻓﺈن اﻟﻌﻴﻨﺎت اﻟﻤﻮﺟﺒ .اﻟﻌﻠﻴﻘﺔ ووﺟﻮد اﻟﺘﻠﻮث ﺑﺎﻷﻓﻼﺗﻮآﺴﻴﻦ ﻓﻴﻬﺎ
ﺑﺎﻻﺿﺎﻓﺔ اﻟﻲ ذﻟﻚ .ﻋﺎﻟﻰ اﻟﻌﻼﺋﻖ آﺎﻧﺖ ﺗﺤﺘﻮي ﻋﻠﻰ أﻣﺒﺎز ﻓﻮل ﺳﻮداﻧﻲ ﺑﺘﺮآﻴﺰ 
  أﻓﻼﺗﻮآﺴﻴﻦ   اﻟﺪراﺳﺔ ﻏﻴﺎب  اﻇﻬﺮتآﻤﺎ. اﻟﻌﻴﻨﺎت اﻟﻤﻮﺟﺒﺔ آﺎﻧﺖ ﻣﻦ ﻣﻨﻄﻘﺔ اﻟﺤﻠﻔﺎﻳﺎ 
  . ﻓﻰ ﻋﻠﻴﻘﺔ اﻻﺑﻘﺎر اﻟﺤﻠﻮب ﻓﻰ ﻣﺤﻠﻴﺔ اﻟﺨﺮﻃﻮم ﺑﺤﺮى B2و2G ,1G 
ﺨﻠﻖ ﻣﺨﺎﻃﺮ ﺻﺤﻴﺔ ﻳﻤﺎ  رﺑﻦ ان اﻻﻓﻼﺗﻮآﺴاﻟﻰاﻟﺪراﺳﺔ اﻟﺤﺎﻟﻴﺔ ﺼﺖ ﺧﻠ  
ﺣﻮل  ﻻﺑﺪﻣﻦ اﺟﺮاء ﺑﺤﻮث ﺗﻔﺼﻴﻠﻴﻪﻟﺬﻟﻚ ،  ﻋﻠﻰ ﺣﺪ ﺳﻮاءنﺑﺎﻟﻨﺴﺒﺔ ﻟﻼﻧﺴﺎن واﻟﺤﻴﻮا
  .هﺬا اﻟﻤﻮﺿﻮع
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Chapter One 
 
Introduction 
   Groundnut is valuable cash and export crop in the Sudan. It 
constituents a major source for edible oil production, processed human 
food products (nuts) and cakes or meals for animal feeding beside its 
significant export contribution. Moreover, groundnut meal is generally 
considered a good source of protein (Abdulamged, 1988). A major 
handicap facing its wide use is its high susceptibility to growth and        
development of moulds and contamination with mycotoxins, notably 
aflatoxins. Aflatoxins is a group of toxic metabolites, produced by strains 
of Asperigillus flavus and A. parasiticus, which proved to be highly toxic 
to a wide range of animal species including dairy herd (Habish and 
Abdalla, 1972 and El-Nazemi et al, 2002).   
 Studies have been conducted on aflatoxins contamination of 
agricultural products in the Sudan (Rodricks, 1980; Omer et al, 2004 and 
Ali, 2004). These studies revealed wide range of aflatoxins content in 
groundnut seeds and cakes under variable cultural practices, processing 
techniques and storage conditions. Some of these products were found to 
be highly contaminated with aflatoxins to an extent, which would limit 
their use in human foods or animal feeds (Omer et al, 2004).  
Afaltoxins are detected occasionally in milk, cheese, corn, peanuts, 
cotton, seed nuts, almonds, figs species and a variety of other foods and 
feeds (Ghorbanian, et al, 2008). Milk, eggs and meat products are 
sometimes contaminated because of the animal consumption of aflatoxins 
contaminated feed   (Hainaut and Boyle , 2008). Aflatoxins M1 in the 
lactating cow, B1 in feed of dairy cattle were detected (Van Eijkeren et 
al, 2006) 
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  This study is designed to the incidence of aflatoxins in dairy cattle 
feeds in Khartoum North. 
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Chapter Two 
Literature review   
2.1 Mycotoxins, definition and classes 
Mycotoxins are highly toxic metabolites produced by fungi in food 
and feed stuffs that cause health problems in exposed humans and animal 
(Van Egmond et al, 2007). Mycotoxins are substances produced by 
moulds that contaminate various agricultural commodities either before 
harvest or under post-harvest conditions (Kabak, 2006).  There are six 
groups of mycotocins these are aflatoxins, patulin, ochratoxins, 
zearalenone, trichothencenes and ergot alkaloids (Jestoi, 2008). 
Contamination with certain mycotoxins can reach levels lethal to man and 
animal (Gunteruset al, 2007).                                                                                                 
Aflatoxinss are group of mycotoxins that have deleterious effects 
on humans and are produced during fungal infection of plants and plant 
products (Owino et al, 2007). Aflatoxins are dietary mycotoxins which 
have health hazard, and sub-symptomatic exposure to aflatoxins is known 
to produce male reproductive toxic effects with several manifestations 
(Fardohan and Zoumenou, 2005).  
2.2 Definition of aflatoxins  
 Aflatoxinss are group of mycotoxins and aflatoxinss have received 
greater attention than any other mycotoxins because of their demonstrated 
potent carcinogenic effect (Ozay et al, 2008).). Aflatoxins was discovered 
in 1960 when more than 100.000 young turkeys on poultry farms in 
England died in course of few months from apparently new disease that 
was termed "Turkey x disease" (Cordova - Izquierdo et al, 2007).  
Afaltoxins are classified in B1, B2, G1 and G2; metabolized to 
aflatoxins M1, and M2 (Boudra et al, 2007). Aflatoxins B1 is a potent 
mutagenic and carcinogenic agent found in numerous agricultural and 
dairy products consumed by humans (Maridgal-Santillan et al, 2007).  
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Aflatoxins doesn't have flavour, scent, they are fluorescent under 
the ultraviolet light and they are resistant to high temperatures (Cordova - 
Izquierdo et al, 2007). Aflatoxins is produced by certain strains of fungi 
and Asperigillus flavus and Asperigillus parasiticus representing 93% of 
strains (Giorni et al, 2007). The compound of aflatoxins B1, B2, G1, G2 
are natural contaminants produced by Asperigillus flavus and/ or 
Asperigillus parasiticus when these fungi grow on different food products 
(Guzman de Pena, 2007).  
2.3 Physical and chemical properties 
   Aflatoxins are potent toxic, carcinogenic, mutagenic, 
immunosuppressive agents, produced as secondary metabolites by the 
fungus Aspergillus flavus and A. parasiticus on variety of food products 
(Ozay et al, 2008). Among eighteen different types of aflatoxins 
identified, major members are aflatoxins B1, B2, G1 and G2. Aflatoxins 
B1 (AFB1) is normally predominant in amount in cultures as well as in 
food products. Pure AFB1 is pale-white to yellow crystalline, odourless 
and solid (Guzman de Pena, 2007). Aflatoxins are soluble in methanol, 
chloroform, acetone, acetonitrile. A. flavus typically produces AFB1 and 
AFB2, whereas A. parasiticus produce AFG1 and AFG2 as well as AFB1 
and AFB2. Four other aflatoxins M1, M2, B2A, G2A which may be 
produced in minor amounts were subsequently isolated from cultures of 
A. flavus and A. parasiticus (Ghorbanian et al, 2008). A number of 
closely related compounds namely aflatoxins GM1, parasiticol and 
aflatoxicol are also produced by A. flavus. Aflatoxins M1 and M2 are 
major metabolites of aflatoxins B1 and B2 respectively, and are found in 
milk of animals that have consumed feed contaminated with aflatoxins 
(Reddy and Farid Waliyar, 2008).  
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Fig (1): 
Structure of aflatoxins B1, B2, G2 and G2 (Reddy and Farid 
Waliyar, 2008)  
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Fig (2): 
Structure of aflatoxinsM1, M2, B2A and G2A (Reddy and Farid 
Waliyar, 2008)  
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Table (1): Chemical and physical properties of aflatoxins 
 
Aflatoxins Molecular formula Molecular weight Melting point 
B1 C17 H12O6 312 268-269 
B2 C17 H14O6 314 286-289 
G1 C17 H12O7 328 244-246 
G2 C17 H14O7 330 237-240 
M1 C17 H12O7 328 299 
M2 C17 H14O7 330 293 
B2A C17 H14O7 330 240 
G2A C17 H14O8 346 190 
Source: (Reddy and Farid Waliyar, 2008)  
2.4 Condition for growth  
Humidity and low temperatures influence development of 
Asperigillus spp. and production of toxins (Ghorbanian et al, 2008). 
 Asperigillus parasiticus is able to produce sclerotia from 25 to 35º C, 
with relative humidity between 65 and 80% (Giorni et al, 2007). 
   The season affects the level of toxins which produced from fungi. 
Moreover the levels of aflatoxins M1 were higher in winter and spring 
than in summer and autumn (Tajkarimi, et al, 2007).  
 Elsayed (1990) indicated that afaltoxin production was increased 
with advanced period of storage. Damaged pods were highly 
contaminated with Asperigillus flavus and accumulated large amounts of 
aflatoxins (Ozay et al, 2008). However, sound intact pods recorded lower 
fungal contamination and were almost free of aflatoxins Hag Elamin et al 
(1988) and Pazzi et al (2005) reported that aflatoxins content of stored 
groundnut seeds increased with increasing period of storage. Omer et al 
(2004) indicated that moisture is the major factor affecting the rate of 
deterioration in stored grains. Osman (1986) showed the absence of 
aflatoxins contamination in sound seeds of haricot bean, faba bean and 
maize as compared to significantly higher levels in damaged and mouldy 
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seeds of the same crops. Moreover, Mixon and Roger (1973) reported 
that when the seed coat of the resistant seeds was picked with a needle, A. 
flavus developed in the area of the injury.  
2.5 Aflatoxinss occurrence in raw agricultural products  
Aflatoxins often occur in crops in the field prior to harvest, post-
harvest contamination can occur if crop drying is delayed and during 
storage of the crop (Martins et al, 2007) 
  Afaltoxins are detected occasionally in milk, cheese, corn, 
peanuts, cotton, seed nuts, almonds, figs species and a variety of other 
foods and feeds (Ghorbanian et al, 2008). Milk, eggs and meat products 
are sometimes contaminated because of the animal consumption of 
aflatoxins contaminated feed (Martins et al, 2007). Dickens and Pattee 
(1966) reported that under unfavorable climatic and storage conditions, 
oil seeds and many other agricultural products are subjected to invasion 
by toxigenic strains of A. flavus and A. paracticus. They added that 
although aflatoxins, has been found in variety of food-stuffs, the most 
pronounced contamination has been encountered in groundnut seeds, 
cakes and in the meals produced from these oil seeds. Maize samples in 
Sudan Savanna were associated with higher aflatoxins levels (Hell et al, 
2000).   
2.6 Aflatoxins occurrence in processed foods  
  Corn is probably the commodity of world wide concern because it 
is grown in climates that are likely to have potential contamination with 
afaltoxin (Ghorbanian et al, 2008). Aflatoxins contaminated corn and 
cotton seed meal in dairy rations have resulted in aflatoxins. Moreover, 
M1 contaminated milk and milk products, including skimmed milk, 
cheese and yoghurt (Van Eijkeren et al, 2006) and pasteurized milk 
(Zinedine et al, 2007) 
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Afllatoxins were detected in some cereals and leguminous seeds in 
Sudan (Wad Madani and Khartoum), the levels of the aflatoxins in these 
seeds were below the reported hazard threshold. Moreover, sound intact 
seeds contained low or no aflatoxins compared to significantly higher 
levels detectable in damaged and moldy seeds of the tested crop plants 
(Abdel-Rahim et al, 1989). 
2.7 Aflatoxins in dairy products 
 The Aflatoxins B1 occur in peanuts, milk and animal feed (Offiah 
and Adesiyun, 2007). Transfer of aflatoxins B1 from feed to milk and 
from milk to curd and whey in dairy sheep fed artificially contaminated 
concentrates was reported (Manetta et al, 2005).  
Aflatoxins M1 in the lactating cow, B1 in feed of dairy cattle were 
detected (Van Eijkeren et al, 2006). Moreover they assuming a linear 
relationship between the cow's lactation status and feed intake, the model 
relates daily milk production and B1 concentration in total feed to M1 
levels in milk.  
A survey was undertaken to determine the aflatoxins M1 
contamination of milk and some locally produced dairy products in 
Nigeria. Samples of human and cow milk, yoghurt, "Wara" ice cream 
were collected randomly within the local governments and analyzed for 
aflatoxins M1 and the result showed a high contamination level of 
aflatoxins M1 (Atanda et al, 2007). Aflatoxins occur in UHT milk 
(Unusan, 2006) and aflatoxins M1 was reproduced in randomly selected 
North African milk and cheese samples (Atanda et al, 2007). 
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Table 2: Maximum tolerated levels of mycotoxins in foodstuffs, dairy products and animal feedstuffs (1994-1995 FAO survey 
(Sum of) Level  Legal  Responsible  Sampling method  Analytical methods Remarks  Country  Commodity  
Mycotoxin (s)  (ng/g) Basis  Authority  Status  Ref.  Status  Type  Ref.   
Indonesia  Soya bean/ capok seed/ fish 
/meat/bone meal, rice/maize 
bran, leucaena(?). Maize, 
wheat pollar (?) and sorghum 
in cow/ pig/ duck/ sheep/ 
feed, maize / meat/ bone/ 
cotton seed meal in chicken 
feed  
B1 B2B1B2 50  Dir Anim 
Husb 
     Proposal 
ultimo 
1994 
 Soya bean/ leucaena(?)/ fish 
/meat/ bone meal, rice/maize 
bran, leucaena(?). Maize, 
wheat pollar. Sorghum copra 
in chicken feed  
B1 B2B1B2 20  Dir Anim 
Husb 
     Proposal 
ultimo 
1994 
Iran No regulation           
Iraq No regulation           
Ireland No regulation           
Greece            
B1 Peanuts, hazelnuts, walnut, 
cashewnuts, pistaches, 
alomds, pumpkin seeds, 
sunflower seeds, pines seeds, 
apricot seeds  
B1 B2 G1G2 
5 
 
 
10 
(67) MinAgr    TLC 
 
 
HPLC 
 
IA 
  
B1 Maize, dried figs, dried 
apricots, dried prunes, dates, 
raisins  B1 B2 G1G2 
5 
 
10 
(67) MinAgr       
Ochratoxin A 
(Food)  
Raw coffee beans, appele 
juice. Apple products  Patulin 
20 
50 
(67) MinAgr       
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Guatemala: situation 1991 (1)           
Maize, Kidney beans, rice, 
sorghum  
B1 B2 G1G2 20        (food) 
Groundnuts, groundnut butter  B1 B2 G1G2 20        
Guide 
value until 
regulation 
will be 
approved 
(feed) Concentrate  B1 B2 G1G2 20        Guide 
value until 
regulation 
will be 
approved 
Honduras: situation 1991(1)           
All foods B2 G1G2 1         
Maize (grounded or whole 
grain) 
B1 1         
B1 B2 G1G2 Baby food 
M1 
0.01 
0.02 
        
Diacetoxyscripenol Recomme
ndation  
Diet forswine/ youngcal ves/ 
lactating dairy animals  
HT – 2 toxin 
1000 
25 
  Official  (25) Not official GC (31) 
32 
 
 
 
(food) 
Feedstuffs for reproducing 
animals  
All mycotoxins  0        Recomme
ndation 
China: situation 1991 (1)           
Rice edible oils B1 10 (33) Min Health       
Maize, peanut (product)s, 
maize, peanut oil 
B1 20 (33) Min Health       
(food) 
Wheat, barely, oats, beans, 
sorghum, other grains, 
fermented foodstuffs 
B1 5 (33) Min Health       
Colombia: situation 1991 (1)           
Foods  B1 B2 G1G2 20         
Cereals (sorghum/ millet)  B1 B2 G1G2 30         
(food) 
Oil seeds  B1 B2 G1G2 10         
Cattle seed B1 B2 G1G2 50         (feed) 
Sesame seeds B1 B2 G1G2 20         
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Poultry feedstuffs  B1 B2 G1G2 20         
Costa Rica: situation 1991 (1)           
(food) Maize B1 B2 G1G2 35         
(feed) Maize B1 B2 G1G2 50         
Zimbabwe           
B1 Foods  
G1 
5 
4 
(148) MinAgr Official   Official  TLC 
HPLC 
  
B1 
(food) 
Groundnuts, maize, sorghum  
G1 
5 
4 
(148) MinAgr Official   Official  TLC 
HPLC 
  
Source: FAO 1997 
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2.8 Aflatoxins in Sudan 
 The geographical and seasonal prevalence of aflatoxins in food 
and of Kwashiorkor show a remarkable similarity (Hell et al, 2000). 
Moreover in several tropical countries, aflatoxins have been found more 
frequently and in higher concentration in liver specimens from children 
with Kwashiorkor than controls (Omer et al, 2004). Also aflatoxicol was 
found in the serum liver, urine and stools of children with Kwashiorkor 
and marasmic Kwashiorkor (El-Nagerabi and Elshfie, 2001).  
  Groundnut samples, collected immediately after harvest from 
different districts in the irrigated region (central Sudan) were free from 
aflatoxins, while samples collected from the rain fed region (Western 
Sudan) showed variable levels of aflatoxins ranging from 100% samples 
contamination in El-Hamdi to only 10% in Casgeal (Hag Elamin et al, 
1988). They observed that groundnut products collected from Khartoum 
North (Bahri) have higher levels of aflatoxins than those collected from 
Khartoum and Omdurman.  
    In the Sudan, Habish and Elshafie (1974) reported that the 
incidence of aflatoxins contamination was higher in oil seed cakes stored 
in their farm rather than in freshly pressed cakes at oil mills. They 
suggested that these differences might be due to storage of cakes for a 
long period of time in the farm, whereby the cakes were exposed to 
moisture, which encouraged the formation of greater amount of aflatoxins 
compared with freshly pressed cakes.  
   Abdulamaged (1988) reported that the storage of groundnut seeds 
of high moisture content (14-20%) resulted in high levels of aflatoxins 
contamination. On the other hand, he found that groundnut seeds stored at 
low moisture content (3-4%) showed a low level of aflatoxins 
contamination.  
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 Habish and Abdalla (1972) reported high levels of aflatoxins 
contamination in groundnut samples from western Sudan, which they 
attributed to the high relative humidity in the region. The same workers 
indicated the possibility of production of groundnut with little or no 
aflatoxins content in the irrigated areas of El-Gazira and El-Managil.  
2.9 Diagnosis of aflatoxosis 
   The chemical properties of aflatoxins, such as their molecular 
weight, solubility, polarity, and capacity for emitting fluorescence under 
different wave lengths of ultraviolet light, have led to use of various 
physiochemical techniques for their extraction, purification, detection, 
and quantification (Grosso et al, 2004). In recent years, much work has 
been carried out on the final phase of the process, i.e., separation, 
detection, and quantification, hence two techniques are currently in use, 
TLC and HPLC (Soblev, 2007). Although these techniques are extremely 
sensitive, allowing the detection of aflatoxins in quantities as low as 
piocgrams (AOAC, 1990). They can only be applied after the samples 
have passed through complex extraction and purification systems to 
eliminate interfering substances (Suzana et al, 1993).  
  Traditionally, extracts have been purified by different methods, 
according to the nature of the substrate in which the aflatoxins were 
found (Soblev, 2007). Moreover these methods included partitioning 
using immiscible solvents, separation in chromatography columns, 
formation of complexes with metals, and precipitation systems. This need 
has led to the development of fast purification system in the form of 
commercial kits (Suzana et al, 1993) and to the use of various membrane 
techniques for the purification of extracts (Tuinstra et al, 1990). To meet 
these requirements, a diphasic dialysis technique has been developed and 
can be applied to the extraction of aflatoxins from milk, yoghurt, and 
cheese (Grosso et al, 2004). They added that this technique is based on 
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the use of semi permeable membranes that separate two immiscible 
solvents; from dairy products, there is an aqueous phase containing the 
aflatoxins and chloroform phase. Aflatoxins can then be separated from 
other substance because of their lower molecular weight and greater 
solubility in the organic solvent than in the aqueous phase. Because the 
two phases are separated by the membrane, the problems of protein 
precipitation and formation of lipid emulsions, which occur in traditional 
partition in funnels, are avoided as they reported.     
 A new method is described for the extraction of aflatoxins from 
milk and milk products based on a diphasic dialysis technique, followed 
by detection and quantification of aflatoxins by TLC (Grosso et al, 2004). 
Recovery was 65 to 99% for aflatoxins B1, G1 and M1, and the detection 
limit in milk and yoghurt was 0.01 to 0.02 ppb for all aflatoxins studied. 
In cheese, the detection limit was 0.03 to 0.04 ppb for aflatoxins B1 and 
G1 and 0.1 ppb for aflatoxins M1 (Atanda et al, 2007).  The results of 
diaphasic dialysis technique allowed the extraction of aflatoxins from 
different dairy products with low contamination. Moreover there are 
several other advantages to this new technique. It is simple because the 
number of stages is greatly reduced. It is economical because of the 
reduced use of reagents and other materials. Aflatoxins can be extracted 
from different products by making only the minimal changes required by 
the physical nature of the product (Suzana et al, 1993). The extraction 
method, combined with more sensitive detection techniques, such as 
HPLC, may improve detection limits and may achieve suitable conditions 
for its application to other mycotoxins (Grosso et al, 2004). 
2.10. Methods of detection of aflatoxinss 
 2.10.1 Thin-Layer Chromatography 
   Thin-Layer Chromatography (TLC), also known as flat bed 
chromatography or planar chromatography is one of the most widely used 
 16 
 
separation techniques in aflatoxins analysis (Suzana et al, 1993). Since 
1990, it has been considered the AOAC official method and the method 
of choice to identify and quantitate aflatoxins at levels as low as 1ng/g 
(Stroka and Anklam, 2000). The TLC method is also used to verify 
finding by newer, more rapid techniques (Grosso et al, 2004).  
2.10.2 Immunochemical methods:-  
  Thin layer chromatography and Liquid Chromatography (LC) 
methods for determining aflatoxins in food are laborious and time 
consuming (Cordova - Izquierdo et al, 2007). Often, these techniques 
require knowledge and experience of chromatographic techniques to 
solve separation and interference problems (Pal et al, 2005). Through 
advances in biotechnology, highly specific antibody-based tests are now 
commercially available that can identify and measure aflatoxins in food 
in less than 10 minutes (Soblev, 2007). These tests are based on the 
affinities of the monoclonal or polyclonal antibodies for aflatoxins (Salter  
et al, 2006). The three types of immunochemical methods are 
radioimmunoassay (RIA), enzyme-linked immunosorbent assay (ELISA), 
and immunoaffinity column assay (ICA) (Grosso et al, 2004).  
2.10.3 Confirmation of identities of the aflatoxins 
   Although analytical methods might consist of different extraction, 
clean-up and quantiation steps, the results of the analysis by such 
methods should be similar when the methods are applied properly. Since 
the reliability of quantitative data is not in question, the problem still to 
be solved is the confirmation of identity of the aflatoxins. The 
confirmation techniques used involve either chemical derivatization or 
mass spectrometry (MS) (Cordova -Izquierdo et al,  2007)).   
2.11 Aflatoxins toxicity  
  Aflatoxinss are a group of mycotoxins that have effects on 
humans and are produced during fungal infection of plants or plant 
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products (Owino et al, 2007). Aflatoxins classified as a class 1 
carcinogen. Moreover, the hepatotoxic effects of aflatoxins depend on its 
binding DNA, the primary site of action (McKean et al, 2006) of 
aflatoxins is on the metabolic system located in the mitochondria, 
particularly on dehydrogenases (succinic and glycerophosphate) and the 
electron transfer chain and oxidative phosphorlatation mechanisms 
(Cordova -Izquierdo et al, 2007). Aflatoxins have diverse biological and 
pathological effects, moreover the Aflatoxins M1 is the most noxious for 
the human consumption and it is the possible carcinogen for man besides 
other effects, which has great importance for the human health since it 
can act in way synergic additive and antagonistic (Jestoi, 2008). Similarly 
the presence of aflatoxins B1 in human beans was detected in 1996. In 
2003 B1 has been classified as a carcinogenic agent to humans by the 
International Agency for Research on Cancer ((Martins et al, 2007) 
 In 2004 outbreak in Kenya was resulted from widespread 
aflatoxins contamination of locally grown maize which occurred during 
storage of the maize under damp conditions, moreover in 2005, the same 
area experienced another outbreak (Hainaut and Boyle, 2008).             
Mycotoxins attract world-wide attention because of the significant 
economic losses associated with their impact on human health, animal 
productivity and trade (CTA, 1997). The chronic incidence of aflatoxins 
in diets is evident from the presence of aflatoxins M1 in human breast 
milk in Ghana, Nigeria, Seralione, Sudan, India, and United Arab 
Emirates, and in umbilical cord blood samples in Ghana, Kenya, Nigeria 
and Seralione    (Martins et al, 2007). 
  Exposure to mycotoxins can produce both acute and chronic 
toxicities from death to deleterious effects on the central nervous, 
cardiovascular and pulmonary systems and the alimentary tract. 
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Moreover mycotoxins may also be carcinogenic, mutagenic, tertogenic 
and immunosuppressive (Kabak et al, 2006). 
   2.11.1 Aflatoxicosis and animal health 
  Aflatoxicosis is primarily a hepatic disease, the susceptibility of 
individual animals to aflatoxinss varies considerably depending on 
species, age, sex and nutrition (Abelwahed et al, 2008). Stephen 
-Blezinger (2002) reported that clinical signs of aflatoxicosis in animals 
include gastrointestinal disfunction, reduced reproductively, reduced feed 
utilization and efficiency, anemia and jaundice. Nursing animals may be 
affected as a result of conversion of aflatoxins B1 to the metabolite 
aflatoxins M1 excreted in milk of dairy cattle (Cordova -Izquerdo et al, 
2007). The young species are most susceptible, all ages are affected but in 
different degrees for different species. Moreover aflatoxins cause liver 
damage, decrease milk and egg production, recurrent infection as a result 
of immunity suppression, in addition to embryo toxicity in animals 
consuming low dietary concentrations (Stephen -Blezinger, 2002). 
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    Table (3): Acute toxicity of aflatoxins B1 in some animals                  
Species LD 50 single dose (mg/kg body weight 
Donkey 0.3-0.5 
Rabbit  0.3-0.5 
Rainbow trout  0.5 
Pig  0.62 
Dog  0.5 
Sheep  1.0-2.0 
Monkey  6.0-16.0 
Chicken  7.0 
 Rat (male) 16.0 
Mouse  9.0 
Rat (female)  18.0 
Source: Fardohan  and Zoumenou, 2005 
2.11.2 Aflatoxins in human health 
Humans are exposed to aflatoxins by consuming foods 
contaminated with products of fungal growth, such exposure is difficult 
to avoid because fungal growth in foods is not easy to prevent (Fardohan 
and Zoumenou, 2005). Even though heavily contaminated food supplies 
are not permitted in the market place in developed countries, hence 
concern still remains for the possible adverse effects resulting from long-
term exposure to low levels of aflatoxins in the food supply (Umarani et 
al, 2008). Also aflatoxins recognized as a cause of liver cancer, but they 
have additional important toxic effects in farm and laboratory animals 
(Jonathan et al, 2004)  
Evidence of acute aflatoxicosis in humans has been reported from 
many parts of the world, namely the third world countries, like Taiwan, 
Uganda, India, and many others (Jonathan et al, 2004). The syndrome is 
characterized by vomiting, abdominal pain, pulmonary edema, 
convulsions, coma and death with cerebral edema and fatty involvement 
of the liver, kidneys, and heart (Umarani et al, 2008). 
 Conditions of the likelihood of acute aflatoxicosis in humans 
include limited availability of food, environmental conditions that flavour 
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fungal development in crops and commodities and lack of regulatory 
systems for aflatoxins monitoring and control (Abelwahed et al, 2008 ) 
Because aflatoxins, especially B1, are potent carcinogens in some 
animals, there is interest in the effects of long-term exposure to low levels 
of these important mycotoxins on humans. In 1988, the IARC 
(International Agency for Research on Cancer) placed aflatoxins B1 on 
the list of human carcinogens. This is supported by a number of 
epidemiological studies done in Asia and Africa that have demonstrated a 
positive association between dietary aflatoxins and liver cell cancer 
(Fardohan  and Zoumenou, 2005). 
2.12. Prevention of mycotoxin  
  Good agricultural practices durig both pre harvest and post 
harvest conditions would minimize the problem of contamination by 
mycotoxins such as aflatoxinss, ochratoxin and trichothecene mycotoxins 
(Stephen -Blezinger, 2002). These include appropriate drying techniques, 
maintaining proper storage facilities and taking care not to expose grains 
or oil seeds to moisture durig transport and marketing (Magan and 
Aldred, 2007) 
The grain samples with higher than 14 to 15 percent moisture 
should not be accepted (Simonich et al, 2008). The problem with 
aflatoxins is found especially in stored grains, the grains can still be used 
as long  as it  is fed in diluted manner (Stephen -Blezinger, 2002).  
The action level for human food is 20 ppb total aflatoxinss, with 
the exception of milk which has an action level of 0.5 ppb for aflatoxins 
M1, the action level for most feeds is also 20 ppb (FAO, 1979). 
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2.13. Detoxification of aflatoxins 
The biosynthesis of aflatoxinss is affected by some metals such as 
CD², Mg² and Zn² (Marcsh et al, 1975; Wilson et al, 1983; Faill et al, 
1986; Stossel, 1986; and  Ellis et al, 1991). They reported that interest in 
the production of aflatoxins in corn has focused on zine as trace element 
because it is specifically required for aflatoxins synthesis. Metal ions are 
involved as micro nutrients in many biological processess and the effect 
of Zn² on aflatoxins production has been confirmed both directly 
(Gunterus et al, 2007) and indirectly by correlating the concentartion of 
Zn² with aflatoxins contamination in such commodities as maize (Faill et 
al, 1986) and chichen feed (Jones et al, 1984). It has also been reported 
the Ca² content may reduce aflatoxins contamination of peanuts 
(Gunterus et al, 2007) .  
Detoxification of aflatoxins in foods and animal feeds has been 
attempted in the past, detoxification procedure must be tested for safety 
and efficacy and invariably results in increased handling and costs 
(Gunterus et al, 2007). In addition the detoxified product has been 
considered suitable only for animal feed purposes and not for human 
consumption.  
  Stephen - Blezinger (2002) showed a new approach to the 
detoxifications is the addition of inorganic sorbent materials, known as 
chemisorbents, such as Hydrated Sodium Calcium Aluminosilicate 
(HSCAS) to the diet of animals in the gastrointestinal tract of the animals, 
resulting in a major reduction in aflatoxins bioavailability.   
2.14. Economic impact of aflatoxins 
 The economic impact of aflatoxinss drive directly from crop and 
livestok losses as well as indirectly from the cost of regulatory programs 
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designed to reduce risks to animal and human health (Martins et al, 
2007). 
The Food and Agriculture Organization estimates that   25% of the 
worlds food crops are affected by mycotoxins of which the most notrious 
are aflatoxinss. Aflatoxins loss to livestok and poultry producers from 
aflatoxins contaminated feeds include death and the more subtle effects of 
immune system suppression, reduced growth rates and losses infeed 
efficiency has been particularly useful in minimizing aflatoxins 
contamination peanuts (Fardohan  and Zoumenou, 2005). 
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Chapter Three 
Material and Methods 
3.1.1. Source of samples 
 Eighteen samples of ration were collected randomly from 
Khartoum North locality. The collection of the samples depend on the 
percentage of the groundnut cake in the ration (low: 16-18, medium: 19-
24, and high: 25-32%).  
3.1.1. Source of materials 
      Methanol, chloroform, acetone, iso-propanol and unhydrous sodium 
sulfate were all of analytical grade. Standard aflatoxins B1, B2, G1 and 
G2 are Sigma products. 
3.2. Laboratory examination of ration sample  
High Performance Liquid Chromatography (SHIMADZU, DGU-
20A3, PUMP, LC-20AB, OVEN CTO-20AC, RF 10AXL, Fluoresce 
detector), which was made in Japan, 2005 was used for detection of 
aflatoxins during the present study. The extraction was done as was 
described in AOAC (1980).  
3.2.1 Extraction of sample 
   Fifty grams of each sample were put in 500 ml blender jar to which 
200 ml of methanol: water (80:20) v/v was added. The contents were then 
vigorously mixed for 3 minutes (in high speed blender) as shown in  
Fig (3) 
 The extract was filtered through 24 cm Whatman No.4, in  a glass 
funnel. The filtrate was collected into 250 ml conical flask and was 
moved to separatory funnel. Then 50 ml of 10% sodium chloride (NaCl) 
were added into the separatory funnel and 50 ml n-hexane was also added 
to form slurry. After well mixing, the mixture was separated (Fig 4) and 
the lower aqueous layer was drained.  
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 Fig (3):  Shaking of sample using national super Blender 
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Fig (4): Sample separation into the three layers  
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The obtained liquid was transferred into another 250 ml separation funnel 
and 50 ml chloroform was added to extract and drain the organic layer, it 
was shacking gently for 1 minute after which 25 ml chloroform were also 
added in order to reextract. The lower chloroform layer (extract) was 
collected into 250 ml volumatic flask through a layer of anhydrous 
sodium soleplate 15 grams (Fig 5). The collected chloroform extract was 
evaporated to almost dryness in water bath, using anti-bumping granules 
(Fig 6). The extract was kept into a conical flask at room temperature 
until use. 
3. 2.2. Column chromatography cleanup  
  Two grams silica gel slurry was put in the chromatography column 
and then 30 ml ether: hexane (3:1) v/v was added to wash column and 
silica gel (Fig 7) and then was drained through the stopcock. Also the 
sides of column were washed by 2-3 ml of ether: hexane solvent. After 
that silica gel was settled fully to the open stopcock and while it was 
drained, the granular anhydrous (Na2SO4) was added to the top of the 
column.  The stopcock was closed and 2 ml of the chloroform extract was 
poured into the column and the beaker was washed with 0.5 ml 
chloroform, which was added to the column and after that. 25 ml benzene: 
acetic acid (9:1) v/v was added and received into 250 ml beaker. Then 30 
ml ether: hexane was added while the stopcock fully opened to wash the 
top of the anhydrous Na2SO4 layer. To the eluted aflatoxins, 100 ml of 
dichloromethane: acetone (90:10) v/v was added and the eluted aflatoxins 
was then transferred to boiling water bath to evaporate the solvents and 
was transferred quantitatively to a vial using 0.5 ml pipette. 
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Fig (5): Draining of extract or organic layer (middle layer) 
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Fig (6): Evaporation of the extraction  
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Fig (7): Partition of extract in silica gel column 
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3.2.3. Derivatization 
A. Derivatization of sample  
 Two hundred µl hexane and fifty µl Trifluroacetic acid (TFA) 
were added to extract in vial column and capped(Fig 8). The mixture was 
shacked vigorously using vortex-Genie 2 for 30 seconds. It was let to 
stand for 5 minutes .Then 1.950 ml acetonitrile solevent- water (1:9) v/v 
was added and the mixture was shacked again for 30 seconds and it was 
let for 10 minutes to separate. The lower aqueous layer was collected by 
automatic pipette and used for High Performance Liquid Chromatography 
(HPLC)  
B. Derivation of working standard mixture 
  Fifty µl of standards were taken and the solvent was evaporated 
and two hundred of hexane was added with fifty µl Trifluroacetic acid 
(TFA) to column extract. Then 1.95 ml acetonitrile: water (1:9) was 
added and shacked to mix for 30 seconds. The layer was then separated 
for 10 minutes and the lower aqueous layer was used for HPLC.  
3.3.1 HPLC condition 
• Column: 20 µl 
• Fluorescent Detector : 360 nm excitation, 400 nm emission, 
• flow rate= 1ml/min, 
• Oven Temperature=  º20  
• Volume inject =  20  µl     
3.3. 2 Liquid chromatography system 
Samples were compared with standard peaks, and the concentration 
in the samples was calculated by using either peak heights or area. 
Derivatization is made because of aflatoxins B1 and G1 in aqueous 
solvents on chromatogram of standard mixture and samples. There are 
four peak G2a (from G1), B2a (from B1), G2 and B2 with appear 
retention times 11, 15, 23 and 33 respectively (Fig 9). 
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3.4. Method of aflatoxins calculation 
  Aflatoxins concentrations were calculated in µg/kg from the 
following formula: 
Concentration of aflatoxins in sample/ µg/kg:- 
                      =   area of sample × concentration of standard 
                        area of standard × weight of sample 
 
Where: 
concentration of ( B1) in standards =0.5 µg/ml 
 
concentration of ( B2) in standards =0.25 µg/ml 
 
concentration of (G1) in standards =0. 5 µg/ml 
 
concentration of (G1) in standards =0. 25 µg/ml 
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Fig (8):  Vortex of  extract 
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Fig (9): Shimadzu High Performance Liquid Chromatography  
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Chapter Four 
Results and discussion  
 The present study is conducted in Khartoum North locality in 
Khartoum State. The main objective of this study is to evaluate the level 
and incidence of aflatoxins in the ration of dairy farms. This study 
showed that aflatoxins B1 was found in the feed of dairy animals in 
Khartoum North, while aflatoxins G1, G2 and B2 were not detected 
(Table 4). The presence of aflatoxins B1 in the dairy cows ration might 
create a hazard because the effect of aflatoxins B1 is accumulated (Omer, 
1998). Daily intake of afltoxin B1 in feed of dairy cattle and cow's in 
lactation resulting  in concentrations of aflatoxins M1 in milk, moreover, 
assuming a linear relationship between the cow's lactation status and feed 
intake, the daily milk production and aflatoxins B1 concentration in total 
feed related to aflatoxins M1 level in milk (Bankole and Mabekoje, 2004 
and Van Eijkeren et aL, 2006). Aflatoxins B1 is very hazardous to 
humans and animals as it was regarded as carcinogenic (Hendrickse  et 
al, 1983; Dafalla et al, 1987 and Omer, 1998.). So attention should be 
directed towards the control of aflatoxins especially in groundnuts cake in 
dairy cow ration. Many factors were found to affect significantly the 
incidence of aflatoxins contaminations in groundnuts cake such as type of 
soil, method of harvesting of crop, method of oil extraction, storage 
period and the type of store (Ali, 2004). 
Two out of eighteen samples of the examined feed ration that 
analyzed were found to be contaminated by aflatoxins B1 (sample 11 and 
sample 18 which were collected from al-Halfaya area). Because 
aflatoxins, especially B1, are potent carcinogens in some animals, there is 
interest in the effects of long-term exposure to low levels of these 
important mycotoxins on humans (Fardohan and Zoumenou,                         
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2005). They also added that in 1988, IARC placed aflatoxins B1 on the 
list of human carcinogens. This is supported by a number of 
epidemiological studies done in Asia and Africa that have demonstrated a 
positive association between dietary aflatoxinss and liver cell cancer 
(Bankole and Mabekoje, 2004 and Van Eijkeren et aL, 2006). 
 The standard used to compare the samples is shown in Fig. (10), 
and Table (5) the peak table started from 4 to 9 to indicate aflatoxins B1, 
B2, G1 and G2 as follow: 
Peak (4) represents G2 
Peak (5) represents G1 
Peak (6) represents B2 
Peak (9) represents B1 
Also the Retention-time to any peak is shown in peak table as following 
Retention-time of Peak (4) = 4.058 
Retention-time of Peak (5) = 5.061 
Retention-time of Peak (6) =7.137 
Retention-time of Peak (9) = 9.736 
 The Retention-time of peak for each sample was then compared 
with those of standards. The first restore sample No.11 was positive to 
aflatoxins B1 and the percentage of groundnuts cake about 32% to total 
ration (high level of groundnuts cake). The peak (9) showed retention-
time of 9.725 (Fig. 12 and Table 7). The contamination level of aflatoxins 
B1 was calculated as 0.014 µg /kg (Table 4) according to the procedure 
described in the technical manual. The second positive sample No.18 
showed also high Retention-time of about 9.725 (Fig 13 and Table 8) and 
when compared with standard it revealed a level of contamination of 
about 0.013 µg/kg, which was also lower compared to the detection limit 
for feed (20 ppb) as was stated by FAO (1997). However this result is 
still hazardous because toxin of aflatoxins is accumulated day after day 
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(Omer et al, 1998). Moreover Hoogenboom et al (2001) reported that 
groundnut meal incorporated at 15 % level in calves' rations feed from 3 
to 35 days or 5-12 weeks of age produced aflatoxicosis with quickly 
developed symptoms. Similarly when aflatoxins-contaminated grain is 
consumed by dairy cows, aflatoxins M1 is excreted in the milk (Van Dijk 
et al, 1984). The detection of aflatoxins B1 in 33.3% of the total feed 
samples with the high concentration of ground nut cakes (Table 4) 
indicated that standards and regulation should be adopted in order to 
minimize level of contamination, because aflatoxins B1 is reported as one 
of the most potent and potentially lethal metabolite which is well known 
as human carcinogen (Guzman de Pena, 2007). On the other hand 
because aflatoxins is very hazardous to animal and human health, young 
calves are especially susceptible to these toxic effects, which might be 
largely due to under development of the rumen (Stephen - Blezinger, 
2002).). It was found that the aflatoxins B1 is directly related with the 
aflatoxins M1 (Van Eijkeren et al, 2006). Aflatoxins B1 is extracted in 
the milk during the nursing process in the form of secondary metabolites, 
which consumed in the diet (Sassahara et al, 2005). They also added that 
the ingestion of aflatoxins B1 by dairy cattle leads to the 
biotransformation of that substance, which is eliminated via milk as 
alfatoxin M1 and also causes damage to human health Hence the 
presence of aflatoxins B1 in feeds for animal consumption represents a 
serious problem to human and animal health (Battacone et al, 2003 and 
Van Eijkeren, et al, 2006). Similarly Sassahara et al (2005) reported that 
moulds occur in a great variety of foods, including the concentrate and 
roughage destined for animal feeding, and can produce mycotoxins under 
certain conditions.  
  World Health Organization (WHO) hosted a workshop to create 
an integrated plan intended to generate culturally appropriate, long-term, 
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public health strategies to reduce aflatoxins exposure in developing 
countries (Hainaut and Boyle, 2008). The main recommendation stated 
clear strategy for afltoxin elimination. The recommendation include:  
1. Proper handling of crops to prevent mould infection and 
aflatoxins production in the field.  
2. Examination or testing of groundnuts cake before addition to 
dairy cows feed.  
3. Feed storage and distribution should be proper to eliminate the 
growth of fungus. 
4. Education and awareness should be implemented especially 
among farmers and livestock producers. 
5. Monitoring programs should be implemented and limits of 
aflatoxins should be stated for all food and feed.  
6. The level of groundnuts cake in dairy cow feeding should not 
exceed 18%  
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Table 4:- The incidence of aflatoxins in the ration of dairy cows in 
Khartoum North 
 
ND: Not Detected  
Limit of detection 0.1µ/kg 
 
Aflatoxins µg/kg Percentage of 
groundnut 
cake 
Sample area Percentage 
of 
groundnut 
cake in 
Sample  
Sample No 
G2 G1 B2 B1 
U of K farm 
Shabmat 
18 1 ND ND ND ND 
U of S farm 
Hilat KuKu 
18 5 ND ND ND ND 
Al-Kadro 1 16 9 ND ND ND ND 
Al-Kadro 2 16 13 ND ND ND ND 
Al-Haj Yosif 1 16 15 ND ND ND ND 
Low 
16-18% 
Al-Haj Yosif 2 16 16 ND ND ND ND 
Al-Samrab 24 2 ND ND ND ND 
Um doum1 20 3 ND ND ND ND 
Shambat  24 7 ND ND ND ND 
Al-Droshab 24 8 ND ND ND ND 
Um doum 2 19 10 ND ND ND ND 
Medium 
19-24% 
Al-ailafon 1 24 12 ND ND ND ND 
Research center  
Hilat KuKu 
25 4 ND ND ND ND 
Al-ailafon 2 28 6 ND ND ND ND 
al-Halfaya 1 32 11 ND ND ND 0.013 
Al-Sababi 1 32 17 ND ND ND ND 
Al-Sababi 2 32 14 ND ND ND ND 
High 
25-32% 
al-Halfaya 2 32 18 ND ND ND 0.014 
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       Fig (10): Different peak of standards of aflatoxins by HPLC 
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Table (5):   Report analysis of Peak Table for afltoxins standard HPLC 
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sample 1 
 
Fig (11): Afltoxin detection peak of a negative sample   
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Table 6: Example of report analysis of a table peak for aflatoxins negative sample 
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Fig (12)::Afltoxin detection peak of a positive sample (sample no. 11)   
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Table 7: Example of report analysis of a table peak for aflatoxins positive 
sample (sample no. 11)  
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Fig (13)::Afltoxin detection peak of a positive sample (sample no. 18)   
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Table 8: Example of report analysis of a table peak for aflatoxins positive 
sample (sample no. 18)  
 
 
 
 
 
 
 
 
* B1    0.013 µg/kg   
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Chapter Five  
Conclusion and recommendations 
Conclusion 
 
  The presence of aflatoxins B1 in dairy animal feed especially in 
the high groundnut cakes represents a serious problem of public health in 
both livestock and human.  
 
Recommendation 
   The following recommendations are suggested:- 
1. Proper handling of crops to prevent mould infection and 
aflatoxins production in the field.  
2. Examination or testing of groundnuts cake before addition to 
dairy cows feed.  
3. Feed storage and distribution should be proper to eliminate the 
growth of fungus. 
4. Education and awareness should be implemented especially 
among farmers and livestock producers. 
5. Monitoring programs should be implemented and limits of 
aflatoxins should be stated for all food and feed.  
6. The level of groundnuts cake in dairy cow feeding should not 
exceed 18%  
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